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(57) ABSTRACT

An electric power converter circuit includes a rectifying cir-
cuit having diodes, a coil, and a full-bridge circuit including
switching devices, which are connected 1n cascade to an AC
power supply 1, to convert an AC to a DC and to further
convert the concerted DC to an AC. The converter circuit
further includes a series circuit having a capacitor and a
switching device, and connected between the DC terminals of
the full-bridge circuit. One of the switching devices on the
upper arm and one of the switching devices on the lower arm
are turned simultaneously ON {for a certain period of time.
The electric power converter circuit facilitates reducing the

number of the constituent parts, size, weight and manufactur-
ing costs thereol.

12 Claims, 7 Drawing Sheets
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1
ELECTRIC POWER CONVERTER CIRCUIT

BACKGROUND OF THE INVENTION AND
RELATED ART STATEMENT

The present invention relates to an electric power converter
circuit including an AC to DC converter circuit for improving
the input power factor and for suppressing higher harmonics,
and a DC to AC converter circuit for performing DC to AC
conversion.

FIG. 6 1s a block circuit diagram of a conventional electric
power converter circuit including a power factor improving,
circuit as described 1n Japanese Patent Publication No. 2005-
110434 and a DC to AC converter circuit. FIG. 7 1s a wave
chart describing the operations of the conventional electric
power converter circuit.

In FIG. 6, an AC power supply 1, coils 2, 3, capacitors 4, 5,
a transformer 6, switching devices 11 through 15, and diodes
21 through 27 are shown. In detail, the power factor improv-
ing circuit (an AC to DC converter circuit) 1s formed of a
rectifying circuit, including diodes 21 through 24, and
switching device 15. A DC to DC converter circuit (a DC to
AC converter circuit+an AC to DC converter circuit) 1s
formed of a converter circuit having a full-bridge structure
and arectifying and smoothing circuit including diodes 26, 27
and capacitor 5.

As switching device 135 in the power factor improving
circuit turns ON while the voltage of the AC power supply 1
1s positive, a current flows from AC power supply 1 to AC
power supply 1 via diode 21, coil 2, switching device 15, and
diode 24, increasing the current 1, of coil 2. As switching
device 15 turns OFF while the voltage of AC power supply 1
1s positive, a current tlows from coil 2 to coil 2 via diode 25,
capacitor 4, diode 24, AC power supply 1 and diode 21,
decreasing the current 1, of coil 2. When the voltage of AC
power supply 1 1s negative, diodes 23 and 22 are electrically
conductive 1n substitution for diodes 21 and 24, resulting 1n
the similar operations as described above. Due to the above
described operations of the power factor improving circuit, 1t
1s possible to control the current 1, and the input current by
changing the gate signal v,. for switching device 15 as
described in FIG. 7. Therefore, 1t 1s possible not only to
improve the input power factor and reduce the input current
higher harmonics but also to obtain a DC voltage (the voltage
of capacitor 4) from an AC input voltage.

In the DC to DC converter circuit described above, the
voltage generated across capacitor 4 1s applied to transformer
6 via switching devices 11 and 14, when switching devices 11
and 14 are ON, and rectified on the secondary side of trans-
former 6. Thus, a DC voltage (the voltage of capacitor 5),
insulated from AC power supply 1, 1s obtained. In the same
manner, as switching devices 13 and 12 turn ON, a negative
voltage 1s applied to transformer 6 and an energy 1s fed to the
secondary side thereof. When a high-frequency AC voltage 1s
applied to a transformer, the method as described above,
which converts a DC to an AC and further coverts the AC to a
DC, 1s employed very often for reducing the transformer size.

It 1s necessary for the electric power converter circuit, as
described 1n FIG. 6, to employ many constituent parts, caus-
ing problems for reducing the size, weight and manufacturing
costs of the electric power converter circuit.
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2

In view of the foregoing, 1t 1s an object of the mnvention to
provide an electric power converter circuit that facilitates
reducing the constituent parts, size, weight, and manufactur-
ing costs thereof.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there 1s
provided an electric power converter circuit comprising a
rectifying circuit including diodes, a coil, and a full-bridge
circuit including switching devices; the rectifying circuit, the
coil, and the full-bridge circuit being connected 1n cascade to
an AC power supply, wherein the electric power converter
circuit converts an AC electric power to a DC electric power,
and further converts the converted DC electric power to an AC
clectric power. The electric power converter circuit comprises
a series circuit including a diode and a switching device, the
series circuit being connected between the DC output termi-
nals of the full-bridge circuit; and one of the switching
devices on the upper arm of the full-bridge circuit and one of
the switching devices on the lower arm of the full-bridge
circuit are made to be sitmultaneously ON for a certain period
of time.

According to a second aspect of the mvention, there 1s
provided an electric power converter circuit comprising a
rectifying circuit including diodes, a coil, and a full-bridge
circuit including switching devices; the rectifying circuit, the
coil, and the full-bridge circuit being connected 1n cascade to
an AC power supply, wherein the electric power converter
circuit converts an AC electric power to a DC electric power,
and further converts the converted DC electric power to an AC
clectric power. The electric power converter circuit comprises
a series circuit including a diode and a switching device, the
series circuit being connected between the DC output termi-
nals of the full-bridge circuit; and a plurality of the switching
devices on the upper arm of the full-bridge circuit and a
plurality of the switching devices on the lower arm of the
tull-bridge circuit are made to be simultaneously ON for a
certain period of time.

In the electric power converter circuit described 1n the first
aspect, any one of the switching devices constituting the
tull-bridge circuit may be replaced by a diode (third aspect).

In the electric power converter circuit described 1n the first
aspect, one of the switching devices on the upper arm 1n the
tull-bridge circuit, one of the switching devices on the lower
arm 1n the full-bridge circuit, and the switching device in the
series circuit may be simultaneously ON for a certain period
of time (fourth aspect).

Since the number of the constituent parts of the electric
power converter circuit 1s reduced according to the invention,
the electric power converter circuit according to the invention
facilitates reducing the size, weight, and manufacturing costs
thereof. According to the second aspect of the invention, the
ON-resistance of the switching devices i1s halved and the
conduction losses are reduced. Since one of the gate driver
circuits 1s omitted according to the third aspect, the electric
power converter circuit 1s obtained with lower manufacturing
costs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block circuit diagram of an electric power
converter circuit according to a first embodiment of the inven-
tion.

FIG. 2 1s a wave chart describing the operations of the
electric power converter circuit shown 1n FIG. 1.
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FIG. 3 1s a wave chart describing the other operations of the
clectric power converter circuit shown in FIG. 1.

FIG. 4 1s a block circuit diagram of an electric power
converter circuit according to a second embodiment of the
invention.

FIG. 5 1s a wave chart describing the operations of the
clectric power converter circuit shown in FIG. 4.

FIG. 6 1s a block circuit diagram of a conventional electric

power converter circuit mncluding an AC to DC converter
circuit and a DC to AC converter circuit.

FIG. 7 1s a wave chart describing the operations of the
conventional electric power converter circuit shown in FIG. 6.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Now the invention will be described in detail hereinatfter
with reference to the accompanied drawings which 1illustrate
the preferred embodiments of the invention.

FIG. 1 1s a block circuit diagram of an electric power
converter circuit according to the first embodiment of the
invention. The electric power converter circuit according to
the first embodiment connects a series circuit consisting of
capacitor 4 and switching device 15 between the DC termi-
nals of the converter circuit having a full-bridge structure in
the conventional electric power converter circuit and omits
diode 25 from the conventional electric power converter cir-
cuit.

In the FIG. 2, VG11 to V(13 are gate signals of the switch-

ing devices 11 to 15 1n FI1G. 1, and V6 1s voltage generated on
transformer 6.

In the circuit configuration described above, as switching,
devices 11 and 12 are turned ON while the voltage of AC
power supply 1 1s positive, a current tlows from AC power
supply 1 to AC power supply 1 via diode 21, coil 2, switching,
device 11, switching device 12, and diode 24, increasing the
input current and the current 1, of coil 2. As switching devices
11 and 12 are turned OFF while the voltage of power supply
1 15 positive, a current flows from coil 2 to coil 2 via capacitor
4, the parasitic diode of switching device 15, diode 24, AC
power supply 1, and diode 21, decreasing the input current
and the current 1, of coil 2.

When the voltage of AC power supply 1 1s negative, diodes
23 and 22 are electrically conductive in substitution for
diodes 21 and 24, resulting in the similar operations as
described above. Therefore, by adjusting the period ('T) where
switching devices 11 and 12 are simultaneously ON, for
example, such as T, to T, in FIG. 2, the mput power factor
which can control the input current 1s 1improved. Since a
rectified voltage 1s obtained across capacitor 4, a DC voltage
1s obtained from an AC voltage.

In the DC to DC converter circuit, by turming ON the
switching devices 11, 14, and 15, a voltage 1s applied to
transformer 6 through the path circulating from capacitor 4 to
capacitor 4 via switching device 11, transformer 6, switching
device 14, and switching device 15. By turming ON switching
devices 13, 12, and 15, a negative voltage 1s applied to trans-
former 6 through the path circulating from capacitor 4 to
capacitor 4 via switching device 13, transformer 6, switching
device 12, and switching device 15. The AC voltage generated
across transiormer 6 1s rectified on the secondary side thereof
and an isulated DC voltage 1s obtained across capacitor 5.
Since diode 25 1s omitted from the conventional electric
power converter circuit, the electric power converter circuit
according to the first embodiment facilitates reducing the
s1ze, weight, and manufacturing costs thereof.
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FIG. 3 1s a wave chart describing the other operations of the
clectric power converter circuit shown mn FI1G. 1. InFIG. 3, the
clectric power converter circuit drives at the same time not
only switching devices 11 and 12, such as T,, to T, 1n FIG.
3, but also switching devices 13 and 14 to control the mput
current. By driving the switching devices as described above,
the current increases through the circulating path from power
supply 1 to power supply 1 via diode 21 or 23, switching
devices 11 and 12 as well as switching devices 13 and 14, and
diode 24 or 22. Theretfore, the ON-resistance of switching
devices 11 through 14 1s half the ON-resistance caused by
operating the electric power converter circuit as described 1n
FIG. 2. Thus, it 1s possible to reduce the conduction losses.

FIG. 4 1s a block circuit diagram of an electric power
converter circuit according to the second embodiment of the
invention. FIG. S 1s a wave chart describing the operations of
the electric power converter circuit shown i FIG. 4.

Referring now to FIG. 4, switching device 13 in FIG. 1 1s
replaced by a diode 28 1n FI1G. 4. The electric power converter
circuit according to the second embodiment that employs a
diode less expansive than the switching device facilitates
omitting the gate driver circuit and reducing the size, weight,
and manufacturing costs thereof. In FIG. 4, switching device
13 constituting the bridge 1s replaced by diode 28. Alterna-
tively, any one of switching devices 11, 12 and 14 may be
replaced by diode 28 without problem.

The power factor improving circuit in FIG. 4 operates 1n
the same manner as the power factor improving circuit in FIG.
1 and facilitates improving the input power factor and obtain-
ing a DC voltage across capacitor 4. The DC to DC converter
circuit turns ON switching devices 11, 14 and 15, such as T,
to T,, 1n FIG. 5, to apply the voltage of capacitor 4 to trans-
former 6 via the path circulating from capacitor 4 to capacitor
4 via switching device 11, transformer 6, switching device 14,
and switching device 15. By turning OFF the switching
devices 11, 14 and 15, the excitation energy of transformer 6
1s regenerated from transformer 6 to transformer 6 via diode
28, capacitor 4, the parasitic diode of switching device 15, and
the parasitic diode of switching device 12, resetting trans-
former 6. While switching deices 11, 14 and 15 are ON, an
energy 1s fed from the primary side to the secondary side of
transformer 6 and an msulated DC voltage 1s obtained across
capacitor 5.

The disclosure of Japanese Patent Application No. 2003-
283756 filed on Sep. 29, 2005 1s incorporated as a reference.

While the invention has been explained with reference to
the specific embodiments of the mvention, the explanation 1s

illustrative, and the invention 1s limited only by the appended
claims.

What 1s claimed 1s:

1. An electric power converter circuit, comprising:

a rectifying circuit mncluding diodes, a coil, and a full-
bridge circuit including switching devices; the rectify-
ing circuit, the coil, and the full-bridge circuit being
connected 1n cascade to an AC power supply; the electric
power converter circuit converting an AC electric power
to a DC electric power and further converting the con-
verted DC electric power to an AC electric power, and

a series circuit consisting of a capacitor and another
switching device, the series circuit being connected
between DC output terminals of the full-bridge circuit,

wherein a first switching device on an upper arm of the
tull-bridge circuit and a second switching device on a
lower arm of the full-bridge circuit are made to be simul-
taneously ON {for a first period of time, and the first
switching device 1s coupled in series with the second
switching device.
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2. The electric power converter circuit according to claim
1, wherein one of the switching devices constituting the full-
bridge circuit 1s replaced by a diode.

3. The electric power converter circuit according to claim

1, wherein one of the switching devices on the upper arm 1n
the full-bridge circuit, one of the switching devices on the
lower arm 1n the full-bridge circuit, and the switching device
in the series circuit are simultaneously ON for a second period
of time.

4. The electric power converter circuit according to claim

1, wherein the coil 1s only disposed between the rectifying
circuit and the full-bridge circuit.

5. The electric power converter circuit according to claim

1, wherein the switching devices of the full bridge circuit are
turned OFF simultaneously for a third period of time atter the
first period of time.
6. The electric power converter circuit according to claim
5, wherein the capacitor 1s an electrolytic capacitor.

7. The electric power converter circuit according to claim
1, wherein the rectifying circuit and the tull-bridge circuit are
arranged without having a main switch for increasing a cur-
rent flow on the coil coupled 1n parallel therewith.

8. An electric power converter circuit, comprising:

a rectifying circuit including diodes, a coil, and a full-
bridge circuit including switching devices; the rectify-
ing circuit, the coil, and the full-bridge circuit being
connected 1n cascade to an AC power supply; the electric
power converter circuit converting an AC electric power
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to a DC electric power and further converting the con-
verted DC electric power to an AC electric power, and
a series circuit consisting of a capacitor and another
switching device, the series circuit being connected
between DC output terminals of the full-bridge circuit,
wherein a plurality of the switching devices on an upper
arm of the full-bridge circuit and a plurality of the
switching devices on a lower arm of the full-bridge
circuit are made to be simultaneously ON for a first
period of time 1n order to increase a current on the coil,
and at least one of the plurality of the switching devices
on the upper arm 1s coupled 1n series with at least one of
the plurality of the switching devices on the lower arm.
9. The electric power converter circuit according to claim
8, wherein the switching devices of the full bridge circuit are
turned OFF simultaneously for a third period of time atfter the
first period of time.
10. The electric power converter circuit according to claim
9, wherein the capacitor 1s an electrolytic capacitor.
11. The electric power converter circuit according to claim
8, wherein the coil 1s only disposed between the rectifying
circuit and the full-bridge circuit.
12. The electric power converter circuit according to claim
8, wherein the rectifying circuit and the full-bridge circuit are
arranged without having a main switch for increasing a cur-
rent flow on the coil coupled 1n parallel therewith.
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